Paper presents the effect of products obtained during recycling of waste tyres on properties of concrete. Only by taking into account specific properties of each product obtained by recycling, it is possible to apply them in concrete industry for preparation of concrete products with special properties. Products incorporating waste tyres can then be ecologically, technically and economically competitive alternative to products traditionally used in engineering practice.
INTRODUCTION
Extensive use of tyres in car industry has resulted in accumulation of large quantities of used tyres that have to be disposed of at the end of their useful life. As many as 1.5 billon of tyres for the automobile industry are produced worldwide each year, and almost 3.5 million tons of waste tyres are generated in the EU countries alone [01] . According to the Directive 1999/31/EC [02] , any form of disposal of used tyres in natural environment has been completely banned since 2006 and, following this decision, the quantity of available used tyres has grown considerably. Recent data show that the quantity of waste tyres disposed in an uncontrolled manner has reduced considerably in Europe over the past decade, and that it now amounts to no more than 4% of the total quantity of waste tyres. At the same time, it is estimated that 29% of waste tyres (about 450,000 t or about 42.5 millions of tyres) are disposed of in an uncontrolled manner in new EU member countries. Tyre recycling belongs to the field of sustainable development as the recycling of used products results in valuable raw materials that can be used for manufacturing products with a new value. Three raw materials can be obtained by waste tyre recycling: a) rubber granules, b) steel fibres, and c) textile fibres (Figure 1 ). Only 5% of recycled waste tyres are currently used in construction industry, although the possibilities for such use are much greater in this field. In recent times, rubber has found its use in cement industry, in the production of surfaces for playfields and sports terrains, and as a component of various lining and covering products. In addition, one of new directions that has been studied over the past several years is the use of waste tyres and their components in the concrete manufacturing technology, since concrete technology is trying to reduce environmental impact of production, and at the same time contribute to the preservation of natural resources [04] .
USE OF RUBBER GRANULATES
One of advantages of the use of rubber as a replacement for some of the aggregate is the reduction in the density of concrete mix. Furthermore, the nonpolarity of rubber, and roughness of its surface, result in introduction of an additional quantity of air [03, 05] . The addition of rubber to the fresh concrete mixture also results in a reduced workability, especially when greater proportions are added (>30% of the total volume of aggregate) [05] . The replacement of aggregate with rubber reduces the compressive strength and stiffness in the composite, which could have been expected considering the physical and mechanical properties of rubber compared to stone aggregate. The capability of rubber to reject water, due to hydrophobicity of its surface, and consequent introduction of an additional quantity of air into the mixture, ensures a greater quantity of closed pores in the composite structure that are not available to water [06] . This is why these composites have a lower capability to absorb water by capillary absorption. Despite a lower capillary absorption, the presence of rubber particles causes higher penetration of water under pressure, due to the poor quality of the rubber to cement matrix interface, but also to physical properties of rubber which "shrinks" when subjected to high water pressure [07] . Furthermore, physical properties of rubber enable this material to behave as an absorber of internal stress due to hydrostatic pressure of water during the freezing and thawing cycle [05, 08] . Figure  5 . This diagram shows that the design of mixes with recycled fibres results in properties that are similar to those of mixes prepared with industrial fibres.
Figure 5: Working diagram of fibre reinforced concretes containing different types and quantities of steel fibres during ductility testing
In addition to its influence on ductility, the introduction of steel fibres in fibre reinforced concrete can result in some other benefits. Preliminary research has revealed that fibre reinforced concrete mixes prepared with cleaned recycled steel fibres are characterized by lower incidence of scaling when subjected to freezing and thawing cycles [14] . In addition, it was established that such fibre reinforced concrete is less susceptible to wearing and corrosion when exposed to aggressive marine environment [15, 16] . Therefore, recycled steel fibre reinforced concrete can be used for preparation of prefabricated elements in cases where a considerable resistance to bending, and also to dynamic and impact load, is required, such as prefabricated railway tracks on concrete bedding [17] .
USE OF RECYCLED TEXTILE FIBRES
The last product of waste tyre recycling is textile fibres. These fibres have not so far found their use in construction industry. Preliminary research has shown that the influence of recycled textile fibres on the reduction of shrinkage due to drying is similar to that of industrial polypropylene fibres ( Figure 6 ) [18] . If an increase in deformation due to concrete drying is compared with values for the same concrete without fibres, calculated according to Eurocode 2, it can be seen that the reduced shrinkage can be observed in the first days of the concrete matrix hardening process. When such recycled fibres are used, the concrete shrinkage is visibly reduced, and hence the risk of cracking due to improper or insufficient curing is also lowered.
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Figure 6: hrinkage due to drying calculated according to EC2 for ordinary concrete, and measured for textile fibre reinforced concrete
In addition to reduced shrinkage due to drying, the recycled textile fibres have also some other positive influences on concrete durability, such as a higher resistance to penetration of chlorides and a reduced penetration of water. These results show that the potential application of textiles is in repair mortars, where it is extremely important to prevent occurrence of micro-cracks and penetration of aggressive substances.
CONCLUSION
Three types of materials are obtained in the waste tyre recycling process: rubber granulates, steel fibres, and polymer fibres. The way in which concrete properties are influenced by each of these materials, when used as secondary raw materials, is explained in the paper. Rubber granules reduce compressive strength of concrete but, at the same time, they increase resistance to freezing and thawing, and the sound absorption capability. The addition of recycled steel fibres increases ductility of concrete, and prevents propagation of cracks. The addition of textile fibres reduces deformations due to shrinkage, and positively influences durability properties of concrete. Ta k ing into account their influences on concrete, each of these materials can be used to prepare ecologically, technically and economically competitive alternative to products that are nowadays dominantly used in the engineering practice.
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